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MT=102 : (z,g) radiative capture
MT=16 : (z,2n)
MT=4 : (z,n’) total inelastic scattering
MT=2 : (z,z0) elastic scattering






























































































































































































































































MT=21 : (n,2nf) third−chance fission
MT=20 : (n,nf) second−chance fission
MT=19 : (n,f) first−chance fission
MT=18 : (z,fission) total fission Cross section










MT=18 : (z,fission) total fission Cross section




























MT=21 : (n,2nf) third−chance fission
MT=20 : (n,nf) second−chance fission
MT=19 : (n,f) first−chance fission
MT=18 : (z,fission) total fission Cross section










MT=18 : (z,fission) total fission Cross section
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relation classique à 30 m
relation relativiste à 30 m
relation classique à 185 m
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Ncib.1(x, y)× σ1(E)× Φ1(E, x, y) × ε1(E)
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·Ł´ÚÇL¯ÃK·Ł´Ï
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±± × 4 = 12, 8 ±±+Ï'êrºGÆL¯ﬀë}»K´º<Êﬀ²?Ã!À!¶GÊﬀÃ}¹Ò¶pÊﬀ»K·Ł¸<¶Ò·Ł´<¶
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´qµ_ R+X¡§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®`Êﬀ»Ł°Íâ#ÊﬀÃKº>¹P²µÊﬀÃŁÃK´>°À_³µ´È·Ł¸>¹p´<º>¹p´>»Ł°Ú´<¶P¹4ÁŁ³-¯ﬀº<¸Ü·K¯ÃK¶Í»ŁÃK´È´>ÃKº<´>²?Ã}¹p´ÜÆK´>°P± ¸>¹P²µë»K´À_º¯ÁL¯ÇŁ³µ´Ü·'É/¯ﬀ¶p¶P»Ł°p´>°»ŁÃ
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¯¿ ®¨°p´<¶p¶P²µÊﬀÃ«áX±ÈÇL¯°ã òÖ¸>ÇŁ²?¹ÈáX³Ï ÆqÍÎã n´>ÃK¶P²µÊﬀÃôáWcÒã
>¶pÊﬀÇŁ»Ł¹G¯ÃK´ õ ÎæÜä6Ñææ ≈ ÐÐæ¤c
C3F8










































































































































































































































































´Q´aµ R+X¡§L¡ﬁdﬁX©N ªð¡ﬁ	+§¨:	¦X¢TS`¡¡d:¥ﬂUT¡EﬀX§	ﬁX_¥ ¡ `E}E¡ÅE }WV¦d¡
´>¹4ºGÆKÝ>°p´<¶7GEÏ
®¨°p¸<¶p´>Ã}¹G¯¹P²µÊﬀÃ ´>¹6Êﬀ°P²?½²?ÃK´Ë[











r r ± ¸>¹G¯³ ¶p¸>ÁL¯°p¸
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ÓÉ ²?ÃKº<´>°P¹P²?¹P»K·Ł´È¶P»Ł°N³É »ŁÃŁ²ÞâÊﬀ°P±²?¹p¸È´<¶P¹P²?± ¸<´È·Ł´<¶4º>²?ÇŁ³µ´<¶6ÊﬀÇŁ¹p´>Ã»K´<¶Í´<¶P¹4·'Éö´>ÃÂ²?°pÊﬀÃôÑætÏ
Ó	´<¶^º>²?ÇŁ³µ´<¶Q·Ł¸>ÁÊ¶p¸<´<¶N¶P»Ł°^³µ´>»Ł°â´>»Ł²?³?³µ´±²?ÃKº<´Ö·'É/¯³?»Ł±²?ÃŁ²?»Ł± ¶pÊﬀÃ}¹Nº<Êﬀ³?³µ¸<´<¶Q¶P»Ł°N·Ł´<¶Q¶P»ŁÁŁÁ:Êﬀ°P¹p¶Q´>Ã¸>Á:Ê×Ôî








































































































°p´>¹P°G¯ÃKºpÆK¸<´ án¯ÇŁ³µ´¯»¼0KÏ/Î ´>¹+ÁL¯°G¯½°G¯ÁŁÆK´ð¶P»Ł²?Â¯Ã}¹ãÏÍÓ¨É ²?ÃKº<´>°P¹P²?¹P»K·Ł´«¶P»Ł°Ù³-¯bÁL¯°P¹%·'É/¯ﬀº>¹P²?Â²?¹p¸± ´<¶p»Ł°p¸<´
¯ﬀ¶p¶pÊÔº>²µ¸<´Ú¼È³É ²µ¶GÊﬀ¹pÊﬀÁ:´Öº<ÊﬀÃKº<´>°PÃK¸Ú´<¶P¹Q·Ł´ÚævÀ/ÎÏŁÓ¨É ²?ÃKº<´>°P¹P²?¹P»K·Ł´Ú¹pÊﬀ¹G¯³µ´Ö´<¶P¹NÊﬀÇŁ¹p´>Ã}»K´Ú´>ÃÙ¶pÊﬀ±±f¯Ã¹N³µ´<¶^º¯°P°p¸<¶
·Ł´<¶4²?ÃKº<´>°P¹P²?¹P»K·Ł´<¶6°p´>³-¯¹P²?ÂE´<¶Ï









































































































































·'É/¯ﬀ·vÆK¸>°p´>ÃKº<´ð·v» ·Ł¸>Á9ﬀ¹Ù¶P»Ł°³µ´¾¶P»ŁÁŁÁÊﬀ°P¹¶p»Ł°º<´>¹P¹p´ ¿ÊﬀÃK´ﬁã´>¹³µ´<¶·v²?± ´>ÃK¶P²µÊﬀÃK¶Ù·Ł´ ³-¯ôº>²?ÇŁ³µ´¾¶pÊﬀÃ¹ÇŁ²µ´>Ã
°p´>ÁŁ°pÊ·v»Ł²?¹p´<¶ﬁÏ
Ó!´<¶6·Ł¸>¹G¯²?³µ¶6¶P»Ł°N¹pÊﬀ»Ł¹p´<¶Íº<´<¶N± ´<¶P»Ł°p´<¶NÁ´>»ŁÂE´>Ã}¹Ä>¹P°p´Òº<ÊﬀÃK¶P»Ł³?¹p¸<¶4·K¯ÃK¶6³-¯Ü°p¸â#¸>°p´>ÃKº<´Åå?ÑóæçYÏ
´Q´aP R+X¡§L¡ﬁdﬁX©N ªð¡ﬁ	+§¨:	¦X¢TS`¡¡d:¥ﬂUT¡EﬀX§	ﬁX_¥ ¡ `E}E¡ÅE }WV¦d¡
éA²?ÇŁ³µ´ > ·Ł´>Ã¹P²
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r Ñ Ñæ.Eõ ÑÎvÀõ ævÀõ
g
í"G/r Ñ ÎæÎææææ ÑÎvÀ?Ñ ævÀõ
g
í"G/r ó Îæùææææ ÑÎvÀ 0 ævÀõ
g
í"G/r Î ÎvÑÑææææ ÑÎvÀ/Ð ævÀõ
g
íl
³ÍÁ Ñ ÎEõﬀóæææ Ñe0KÀ/ó ævÀL.
g
íl
³ÍÁ è 0KÑùæææ ÑèvÀ/æ ævÀL.
g
íl
³ÍÁ õ Î.ùæææ ÑÐvÀ/óﬁ0 ævÀL.
g
íl
³ÍÁ ù 0KÑÐEõÔÑ/. ÑÐvÀL. ævÀL.
g
íPí:r Ñ ÎEõﬀóææææ ÑævÀ 0}Î ævÀõ
g




















nQÆ Ð 0õ ÑÑÀ 0 ÑÀ?Ñ
Ð$ÑYÒ	k0KÏ 0tl+éA²?ÇŁ³µ´<¶¤[_± ´<¶P»Ł°p´ÒÁL¯°Öº<Êﬀ±ÁŁ¹G¯½E´Ü¯³?ÁŁÆL¯f²?Ã}¹p¸>½°p¸ï·v»%ÃKÊﬀ±ÈÇŁ°p´Ü¹pÊﬀ¹G¯³`·Ł´ÈÃKÊî}¯»v×%·Ł´c³É ²µ¶pÊﬀ¹pÊﬀÁ´
±f¯=;ﬂÊﬀ°P²?¹G¯²?°p´cº<ÊﬀÃK¶P²µ·Ł¸>°p¸Ï
































































































































residual energy > 1 MeV
residual energy > 5 MeV
residual energy  > 10 MeV
simulation of cos(θ)   FF of 235U (isotropic distribution)




















































´ŁL R+X¡§L¡ﬁdﬁX©N ªð¡ﬁ	+§¨:	¦X¢TS`¡¡d:¥ﬂUT¡EﬀX§	ﬁX_¥ ¡ `E}E¡ÅE }WV¦d¡















2 fenêtres de 125 microns de kapton
45 microns de mylar pour 10 détecteurs
1 cible d’U5
1 cible d’U8
6 micron d’alu des détecteurs























2 fenêtres de 125 microns de kapton




















8 ·1017 ´>¹T»ŁÃ^pK»v×Ü²?Ã}¹p¸>½°p¸Í¶P»Ł°¹pÊﬀ»Ł¹p´<¶T³µ´<¶T¸>ÃK´>°P½²µ´<¶·Ł´ 7 ·105 ÃK´>»Ł¹P°pÊﬀÃK¶ÙÄ cm2
ÁL¯°ÅáXÇŁ»ŁÃKºpÆô·Ł´






















































´ŁŁ R+X¡§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¬¼Ê'´·®°¿ÎÍﬃÏ ¶Pº¼³ÁªÂ« ± Ð5¿À³/´°¶Pº¼¶P±¯ªÂ« «­¬¯® º Ñ Ò Ó Ô
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TLR = (tXgauche − tA) + (tXdroite − tA)
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y![=.ACA;.GL=[Qw.>K>M.HF.UA;.hx8<lYc9[=.ASJM<Q^_A;^_8.G<lmo6_[=[Nh!N>M.HF6/<?>M.c8>KNA;^_/JKNhF.=<?[=^_h\N<CACJK\>M.=<N<;L=<l57[l69
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92U 69, 8ans α
233
92U 1, 592 · 10
5ans α s3I34343232 d&232
234
92U 2, 457 · 10
5ans α 03s32303232 I3232
235
92U 7, 037 · 10
8ans α X =ﬁ5Y= 2ﬁ5 r
236
92U 2, 342 · 10
7ans α 03s>=3I
238
92U 4, 468 · 10
9ans α r 0ﬁ5 d&s 2ﬁ5o234
232
90Th 1, 405 · 10
10ans α d5o234 2ﬁ5o230
237
93Np 2, 14 · 10
6ans α 03432><32 r 232
241
95Am 432, 7ans α 1, 27 · 10
8
244
96Cm 18, 10ans α 2, 9 · 10
9
99
43Tc 2, 111 · 10
5ans β−
129
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¢Ä} ~ë¾f«U®;¥]¥ﬃ§µ!·¥ ¬f§ ¹º«±ﬃ®;Ã·§
µm µg.cm
−2
Tm{L8]6JM<;<;.N9x.	O789CJKhiL=.1./ g.cm−2 8.9Chi.AxF.e89;./Fﬁ9;.1./ [=^_hx8A;.e>@6kF./<CJKA;L1FﬁNhP6A;L9CJ@6NWYT*6
9;.>@6ACJM^_/ÏZNJW.	OﬁJM<CA;.B./&AC9;.B>zm{L8]6JM<Q<;.N9U.a.	Oﬁ89CJKhiL=.a./ g.cm−2 5>zm{L8]6JM<;<Q.N9>*./`[hã.A>@6F./<CJKA;L ρ .=<CA
<CJKhx8>M.hi./ZA|
e(g.cm−2) = ρ(g.cm−3) ∗ l(cm)
Û/Ï[=^_/<CJMFL9Q6/&Ac>M.=<[JK\>M.=<[=^_hx8^3<;L=.=<UF.H>zm{L>MLhi./ZAG[=^_/[=.9C/L!^_/61|
Û>MLhi./&A 
H./<CJKA;Lp g.cm−3 u Û8]6JM<;<Q.N9,p g.cm−2 u Û8]6JM<;<Q.N9,p µm u

>KNhxJK/JKNh 0ﬁ5
X 38.10−6 2ﬁ5 r I
c9Q6/JKNh
r















































JK/<CJF6/<f[=.ACA;.1wZZ8^_ACw:=<;. Nneutrons/(3 · 1013 8 rotons =
N ∗ 3
2,8









2, 8 · 1013 8 rotons ↔ 14, 4s 3 · 1013 8 rotons ↔ 14, 4 ∗ 3
2,8
s 7 · 1012 8 rotons ↔ 14,4
4
s  JK/<CJ]N/RNﬁO
φ F. Tn.s−1 = T ∗ 14,4
4
























Û[9CJKE^_/<U>@6f9;.>@6ACJM^_/./ZAC9;. d log E 5 d ln E 5.A dE |
yf8]69CACJK9UF.
lnE = ln(10log E)
^_/Ï^_\ACJM./&A













[=.HZNJﬃAC9Q6_FﬁNJKA>M.cz6JKAZNWmoyfL/.9Cg3JM.BF^_//L=.35ﬁ>@6>@69Cg.N9F.c>zm JK/ZA;.9CE_6>K>M.!./1L/.9Cg3JM. d log E .=<CA8>KN<
8.ACJKAc&N. d ln E 5ﬁ>KNJWhiDhi.B8>KN<8.ACJKAUZN. dE Y







∗ ln 10 =
dn
dE
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